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Many body effects on conduction and diffusion of electrons and holes in a semiconductor quantum well are studied using a microscopic theory. The roles played by the screened Hartree-Fock (SHF) terms and the scattering terms are examined.
It is found that the electron and hole conductivities depend only on the scattering terms, while the two-component electron-hole diffusion coefficients depend on both the SHF part and the scattering part. We show that, in the limit of the ambipolax diffusion approximation, however, the diffusion coefficients for carrier density and temperature are independent of electron-hole scattering.
In particular, we found that the SHF terms lead to a reduction of density-diffusion coefficients and an increase in temperature-diffusion coefficients. Such a reduction or increase is explained in terms of a density-and temperature-dependent energy landscape created by the bandgap renormalization. 
where N°, W _, ff_, and T _ stand for density, thermal en- 
The density currents can be written in terms of gradients of the four macroscopic variables
and the electrical potential, (_, as 7
where we have introduced various diffusion coefficients and conductivities 7 (c_ ¢/3):
u_ +C. _ ,
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Following two shorthand notations have been introduced:
Obviously, the C_'s are specific heats of a certain kind, which represent the contribution from free electron and hole gases, while H_ 's are the contributions due to manybody interaction, as they are proportional to the derivatives of self-energy renormalization z (&_) with respect to densities or temperatures.
While equations (6)- (9) define diffusion coefficients in the density currents (noting the first index of the coefficients being N_), the corresponding diffusion coefficients in the thermal currents are defined through the relation between the density currents J} and thermal currents J_, Eq. (4). Factors #_ and rG in Eqs. (6)- (10) are defined as follows:
where a, fl E {e, h} I a ¢ ft. with
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where X = N, T as we also assumed the densities and temperatures to be the same for the two components.
Theidentityin equation (17) To study more quantitatively the effects of the coherent part of the many-body interaction, we examine the relative change in diffusion coefficients as defined by 5Dxy = ADxy/D°y. In Figs. 1--4, we plot 5Dxy (a) and Dxy (b) with respect to density for all four ambipolar diffusion coefficients.
As model material system, we choose GaAs of 8 nm in width. All the material parameters are standard and will not be listed. Fig. 1 shows the familiar density-diffusion coefficient DN;_-. In Fig. l(b) , coefficients DNN (solid lines) and DONN (dashed lines) are plotted versus carrier density at three temperatures. The overall feature of the diffusion coefficient is explained in detail in a separate paper 9. We see that the coherent many-body effects result in a reduction in the diffusion coefficient.
The relative change of diffusion coefficient is plotted in Fig. l(a) , where we see a diffusion coefficient reduction of over 25 percent at 200K. This reduction decreases as temperature increases. Similar behavior is also observed in Fig. 2 for the mutual-diffusion coefficient DTN, which relates carrier density gradient to thermal flux fT. This reduction can be explained by the bandgap renormalization. We note that DNN describes a carrier density flux from high density region to low density region.
Due to bandgap renormalization which increases with carrier density, the high density region has a smaller total bandgap than the low density region. This means that a diffusing particle from high density region to low density region will have to climb an uphill energy landscape due to many-body effects, thus leading to a reduction in the effective diffusion coefficients.
The reduction in the mutual-diffusion coefficient Solid and dashed curves in Fig. 4 
